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A METHOD FOR EXTRACTING COPPER FROM AN AQUEOUS SOLUTION 



The present invention relates to a method for extracting copper in liquid-liquid 
solvent extraction from aqueous solutions with a high sulphate content, by 
5 raising the viscosity of the extraction solution and by dispersing the aqueous 
solution into drops, achieving a dense drop aggregation. The viscosity of the 
extraction solution may be raised either by increasing the content of the actual 
extractant, the extraction reagent, in the extraction solution or by using a 
diluting agent with a higher viscosity than that of the diluting agent nomiatly 

10 used. By raising the viscosity of the extraction solution the mixing durability of 
the extraction dispersion can be increased and resulting of that, the amount of 
residual drops is decreased. Other advantages are that the extraction solution 
flow of the extraction process decreases in relation to the flow of the aqueous 
solution acting as the copper source and that the size of the extraction 

15 equipment needed is reduced. 

Dilute aqueous solutions form when poor copper ores are leached directly. 
The copper content of such solutions is usually of the order of 1 - 4 g/l Cu, In 
addition neutral salts often accumulate in the solution, mainly aluminium and 

20 magnesium sulphates. Although the copper content does not rise above 1.5 
g/l, the sulphate content may rise above 40 g/l, to between 40 and 120 g/i. 
Some of the sulphate may originate from the ore or the possible use of 
seawater. In the extraction process the aqueous solution is in a cycle between 
ttie extraction and the leaching and thus gradually accumulates the salts 

25 which raise the viscosity. Neutral salts can easily cause a viscosity increase 
harmful to the aqueous solution, even 3 cP, which also disturbs the dispersing 
of the aqueous and extraction solutions and results in high amounts of 
residual drops. In particular v^en dispersion is desired where the organic 
solution is continuous and the water in drops, an increased viscosity in the 

30 aqueous solution can make it difficult to achieve such a dispersion. Previously 



wo 00/69538 



PCT/FIOO/00397 



^ If 



the increased viscosity caused by neutral salts and the resulting 
disadvantages were not taken into account. 

In copper extracting processes a mixed organic extraction solution and 
S aqueous solution is generally used in the ratio of 0/A (organic/aqueous) 1.0- 
1 .2. Present-<lay copper extracting processes usually follow recommendations 
given by extraclant manufacturers, according to which the organic and 
aqueous solution of the extraction O/A ratio at all extraction stages of the 
extraction process should be of the order of 1.0, and the extractant content 

10 raised to 3.3 4.2 voi.% per every gram of copper, which comes in the 
direction of flow of the first extraction stage of extraction. In practice this 
means that if the Cu content of the aqueous solution is 1.5 g/t, the extractant 
content is maximum 6.3 voL% according to the recommendations. Generally, 
when the amount of copper in the solution increases, the amount of extractant 

IS decreases relatively. The type of extractant is a chelating copper complexing 
agent, usually hydroxyoxyme, which forms a strong complex with copper, and 
one fact affecting the progress of copper extraction is how much extractant is 
present in relation to the amount of copper to be extracted 

20 Generally, alifatic or aromatic hydrocarbons, kerosenes, with a distillation 
range between 190 - 245 X are used as the diluting agent for the copper 
extractant. The viscosity of these substances is usually below 2 cP, and for 
aromatics even below 1 .5 cP. It is also possible to us mixtures of aromatic and 
alifatic hydrocarbons as the diluting agent, where tiie aromatic content of the 

25 mixture is around 20 - 30 vol.%. 

As previously stated, in copper extaraction it is difficult to get a dispersion of an 
aqueous solution with a high sulphate content, minimum 40 g/l, where the 
oi^anic phase is continuous and the aqueous solution in drops, although this 
30 is essential in order to improve extraction performance. According to the 
present invention, the viscosity of the extraction solution is now raised to the 
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area of 3 -1 1 cP, and this takes place either by raising the extractant content 
or by using a diluting agent with a high viscosity in the extraction solution. In 
addition to this, that the organic phase has been made continuous, the 
method has proved to have many other advantageous consequences. The 
essential features of the Invention will become apparent in the attached patent 
claims. 

A rise In the viscosity of the extraction solution clearly raises the mixing 
durability of the extraction dispersion. In this connection a mixing-durable 
dispersion means a dispersion where no drops below 0.2 mm appear when 
the mixing intensity is max. 0.15 kWh/m* in a mixing volume of 50 m*. 
Volume-specific mixing power is dependent on the mixing volume so that the 
power required decreases slightly as the volume increases. Obviously the 
mixing itself also affects mixing durability. The mixers described in US patent 
5,185,081 have been settled on to use in the method according to the present 
invention. These mixers have a double helix, which helps to avoid locally 
increasing shear rate forces and the small drops generated as a result. When 
the viscosity of the organic phase has been raised according to the invention 
and the extraction dispersion made heavier and this dispersion combined with 
a very smooth, thoroughly uniform mixing of controlled Intensity in the mixing 
area, the conditions are adiieved where an evenly distributed mixing energy 
is not sufficient to attain a turbulence to form droplets. An evenly attenuated 
mixing creates a dispersion where ttie drop size is uniform and which thus 
possesses good separation characteristics. Since the amount of residual 
drops is small, the extraction result Is clearly improved. 

In addition to the increase in Anscosity of the extraction solution, anotiier key 
factor is the mixing ratio of the solutions. The denser the drop aggregation, the 
heavier and simultaneously more mixing-durable the dispersion. The most 
advantageous result is obtained when a dispersion is formed, where the 
extraction solution is continuous and the amount of water drops is raised. 
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When the viscosity of the extraction solution is raised, it has been found that 
an extraction solution with a higher viscosity is better able to keep a larger 
amount of the aqueous solution than nonual inside it as drops. In the method 
according to our invention It is possible to lower the 0/A ratio to between 0.7 ~ 
1.0 without endangering the continuity of the extraction solution. In practice, 
this means that the extraction solution flow can be reduced in relation to the 
copper-containing feed solution (the aqueous solution) by the amount 
previously described. At the same time the extractant content of the extraction 
solution is increased to the extent that the mass flow of the extraction solution 
stays unchanged or increases a little. Thus the viscosity of the extraction 
solution can be raised successfully. 

The factor by which the extractant content is raised compared with the normal 
recommendation in the method according to the present invention, varies 
between 1.2-5, and is preferably between 1.5-3. When very dilute 
copper-containing feed solutions with max. 2 g/l of copper are being treated, 
the factor may always rise to 5 i.e. according to our invention the extractant 
content would then be of the order of 7 - 26 vol.%, preferably 15-25 vol. %. 
When the feed solution copper content is between 2 - 4 g/l, the preferred 
extractant content is in the range of 15 - 30 vol.%. Generally, however, the 
extractant content does not increase above a content of 30% by volume. The 
viscosity of the extraction solution in this case rises to between 3 - 7 cP, 
which is enough to raise it to a clearly higher level than the viscosity of the 
aqueous solution. Nonnally, the aim is to achieve an O/A viscosity ratio of 
between 1.2 - 3. preferably 1.5 - 2. According to the invention, when 
extracting dilute copper solutions the extractant content in the extraction 
solution Is presently set in the range of 7 - 30 vol.%, preferably 15-30 vol.%. 

Regarding aqueous solutions containing over 4 g/l of copper, even an 
ordinary extractant content in the extraction solution gives a fairly good result. 
For these solutions, the use of an extractant factor of 1.2 - 2.0 times the 
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recommendation improves the mixing durability of the dispersion. With the 
method according to the invention, however, it is possible to raise the 
extractant content in the extraction solution to 25 - 50 vol,%, when the copper 
content of the aqueous solution Is 4 - 8 g/l and even up to 40 - 70 vol.% if the 
copper content of the solution is over 8 g/l. The viscosity of the extraction 
solution can also be raised partly or wholly with the use of a diluting agent. 
The distillation range and viscosity of the diluting agents generally used was 
mentioned earlier as being rather low. If other diluting agents are used, this 
can also raise the viscosity of the extractant Alifatic hydrocarbon products 
can be chosen with a distillation range in the range of 220 - 275 "C or 240 - 
270 "C, and the viscosity of these substances measured at a temperature of 
+25 "C Is 2.7 or 3.2 cP. If it is desired to use aromatic hydrocarbons, the 
viscosity of hydrocarbons with a distillation span of 230 - 290 °C is about 3 cP. 
It is also possible to use mixtures of alifatic and aromatic hydrocarbons. 

When treating dilute aqueous solutions containing less than 4 g/l of copper, 
there is a possibility in our invention of using hydrocarbon compcHinds that 
boil at a high boiling range as the diluting agent The use of a diluting agent 
to increase viscosity is prefen-ed since the diluting agent is always cheaper 
than the actual extractant The proportion of diluting agent in the extraction 
solution can be between 30 - 93%. It is easier to achieve the required rise in 
viscosity without the density of the extraction solution increasing significantly 
with alifatic hydrocarbons. The use of alifatic hydrocarbons is also 
recommended for reasons of industrial hygiene. 

It was mentioned above that when raising the viscosity of the extraction 
solution it is possible to decrease the external pumping of the extraction 
solution coming to the extraction stage from outside. If the rise In viscosity 
takes place with an extraction solution diluting agent, it is not possible to 
decrease pumping. On the other hand, when viscosity Is raised with an 
extractant external pumping of the extraction solution can be reduced 
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Significantly compared with tfie amount of copper-containing aqueous solution 
being conveyed to the extraction stage. If viscosity is raised both by 
increasing the extractant content and by using the aforementioned diluting 
agent, the amount of external pumping decreases In the same degree as the 
5 extractant content is increased. 

The method according to our invention is described in the attached drawings, 
where 

Figure 1 shows a schematic view of the equipment used In the method of the 
10 present invention, 

Figure ^^hows a stage calculation of the prior art, where the copper content 

of the aqueous solution (PLS = pregnant leach solution) asming to the 

extraction stage is 1.5 g/l and the extractant content of the extraction solution 

is 5 vol. % Acorga M 5640, 
15 Figure 3 shows a stage calculation according to the present invention, where 

the copper content of the PLS is 1.5 g/l and the extractant content of the 

extraction solution Is 15 vol. % Acorga M ^0, 

Figure 4 shows a stage calculation acceding to the present invention, v\tiere 
tiie copper content of the PLS is 1.5 g/l and the extractant content of the 
20 exb'action solution is 25 vol. % Acorga M 5640, 

Figure 5 shows a stage calculation according to the prior art, where the 
copper~TOhtent of the PLS is 3.0 g/l and the extractant content of tiie 
extraction solution is 8.5 vol. % Acorga M 5640, 

Figure 6 shows a stage calculation according to the present Invention, where 
25 the copper content of the PLS is 3.0 g/l and the extractant content of the 
extraction solution is 1 5 vol. % Acorga M 5640, 

Figure 7 shows a stage calculation according to tiie present invention, where 
the copper content of the PLS is 3.0 g/l and tiie extractant content of tiie 
extraction solution is 25 vol. % Acorga M 5640, 
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Figure 8 shows a stage calculation according to the present Invention, where 
the copper content of the PLS is 6.6 g/l and the extractant content of the 
extraction solution Is 22 vol. % Acorga M 5640, 

Figure 9 shows a stage calculation according to the present Invention, where 
5 the copper content of the PLS is 6.5 g/l and the extractant content of the 
extraction solution Is 30 vol. % Acorga M 5640. 

Figure jlOshows a stage calculation according to the present invention, where 
the copper content of the PLS is 6.5 g/l and the extractant content of the 
extraction solution is 40 vol. % Acorga M 5640, 
10 Figure 1 1 shows a stage calculation according to the present invention, where 
the copper content of the PLS is 2.5 gn and the extractant content of the 
extraction solution is 40 vol. % LIX 984N, arui 

Figure^l2shows a stage calculation according to the present invention, where 
the copper content of the PLS is 32 g/l and the extractant content of the 
is extraction solution is 50 vol. % Acorga M 5640. 

Figure 1 describes a copper extraction process for treating dilute copper 
solutions. The process consists of two extraction stages, El and E2, one 
extraction solution washing stage W and one extraction solution stripping 
stage S. Both the extraction stages and the washing and stripping stages 
consist of a mixing section 1, a settler 2, and a pump 3 used to transfer the 
dispersion. The mixing section has at least one mixer, which is preferably 
equipped with the mixing devices described eariler. The principles of the 
extraction stages are the types described in e.g. WO patent application 
publications 97/40899, 97/40900. 97/40901 and 97/41938. 

As usual, the extraction functions on a counterfiow principle, whereby 
aqueous solution 4 comes first to extraction stage El and extraction solution 5 
to stage E2. The aqueous solution exiting the final extraction stage E2. 
raffinate 6, Is fed back to ore leaching, and copper-enriched extraction 
solution 7 is fed from El to washing W and stripping 8. In practice, the 
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extraction solution is circulated via storage tanks. Lean electrolyte 8 is fed 
from electrolysis to tiie stripping stage where the copper contained in the 
organic phase is extracted. The aqueous solution 9 containing copper 
sulphate exiting the stage goes as rich electrolyte to electrowinning and the 
5 stripped organic phase 5 is circulated back to extraction stage E2. 

Figure 1 shows how considerably the size of the washing and stripping stages 
of the extraction process Is reduced when an extractant is used according to 
the invention to raise the viscosity of the extraction solution, in fact the 
10 reduction is in direct ratio to the external extraction solution pumping, because 
the mixer-settlers in question are dimensioned directly with the solution flows 
in all respects, pumping, mixing and solution separation. 

Therefore, in cases where the extractant content is raised for example to 
15 double the amount normally used, and extemal extraction solution pumping is 
conrespondingiy decreased to half the normal flow, the mixer and settler 
volumes of the washing and stripping stages are halved. The actual exb^action 
stages El and E2 remain almost their earlier size and the same extemal 
extraction solution pumping goes through them, but the extraction solution can 
20 be circulated within the stages in order to maintain extraction solution 
continuity. The extraction solutions flow through each stage of the extraction 
equipment at essentially the same time. As mentioned above, the 0/A mixing 
ratio of the solutions may be reduced according to the method of tiie invention 
to below 1 to a value between 0.7 - 1.0, and the size of the extraction stages 
25 equipment can be reduced correspondingly. 

When estimating the effect of our invention on the size of the extraction 
equipment, it should be noted that Fig. 1 is only indicative of the relative size 
of tfie extraction stages and that of the washing and stripping stages. There 
30 are often two stripping stages in an extraction plant and in some cases also 
two washing stages. Then the savings made by reducing the size of the 
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equipment are correspondingly greater. The amount of extraction solution 
inside the extraction plant is also reduced correspondingly even if the 
changes in the amount of extractant itself are not large, since the content of 
extractant in the extraction solution has been raised. In certain cases it is 
5 expedient even to raise the amount of extraction agent circulating in the 
process, so that the advantages described in the method can be achieved in 
full measure. 

The method according to our invention provides the opportunity to treat 
10 difficult impurities such as copper ore containing chtoride, nitrate or 
manganese in an economical way. In particular, ores containing a lot of iron 
are generally problematic, because iron increases the transfer of the 
aboveHDentioned impurities to the electrolyte via the extraction solution. This 
results in a situation where it is even more important than before to prevent 
15 the transfer of said impurities first to the extraction solution with the 
unseparated drops of aqueous solution from extraction stage El to washing 
stage W and from there on to stripping stage S. 

According to our Invention it is now possible to use equipment that is smaller 
20 than usual in the washing stage, but as it is known on the other hand, a 
prolonged settling time in the washing stage (larger settler) improves the 
separation of impurities. Now it is possible to enlarge the washing stage, in 
particular its settler section in relation to tine extraction solution flow used, for 
instance the size of a settler according to the conventional method without 
25 increasing costs and to achieve better separation of impurities than before, in 
practice this means that in the washing and stripping stages the mixing and 
separating times are longer, i.e. the solutions flow through them more slowly 
than through the actual extraction stages. With this system our method offers 
the possibility for flexible, case-specific dimensioning. 
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When poor copper ores are processed by direct leaching, the result, as stated 
above, is an aqueous solution with a copper content in the range of 1 - 4 g/l, 
and in addition neutral salts accumulate in the solution. The sulphate content 
of the solution may rise to between 40 - 120 g/l, which causes a rise in the 
viscosity of the aqueous solution, but on the other hand, sulphate has the 
benefit of acting as a pH buffer when using copper extraction in the pH range 
of 0.8 - 2.2. In otfier words it improves the equilibrium of the copper extraction 
and makes more copper transfer to the extraction solution. 

Example 1 

A series of tests were carried out, which show that the separati(»i of the 
oi^anic solution and the aqueous solution from each other improves when the 
viscosity of the organic phase is raised by increasing the extractant content in 
coffer extraction according to our invention. Table 1 presents the 
composition of the extraction solution and the results obtained. 

The aqueous solution was made using ion-exchanged water, copper sulphate 
and sulphuric acid. The copper content of the solution was 2 g/l, the sulphate 
content 52 g^ and the pH 1.8. The extraction solution was prepared by mixing 
the commercial extractants shown In the table in different proportions with a 
comm^al kerosene soluticm D70 as diluting agent. Mixing contact was made 
between the extraction solutions and the copper sulphate solution (aqueous 
solution) at room temperature and in the 0/A phase ratio of 1.0, thereby 
obtaining the copper content values of the solutions in the table. After mixing 
all the solutions were recovered and stored for two weeks before the actual 
mixing tests. This ensured that the extraction solutions in particular 
corresponded to the solutions used in normal extraction, witiiout the 
drawbacks of new extraction solutions. 

A double helix agitator as described in US patent 6,185,081, with a diameter 
of 152 mm and height of 174 mm was used in the mixing tests. The mixer itself 



wo 00/69538 



PCT/nOO/00397 



II 

was a flat-bottomed cylinder with a diameter of 214 mm and effective solution 
depth also of 214 mm. The cylinder was equipped with four baffles positioned 
on the frame of the cylinder, with a width of 18 mm and at a distance of 3.5 
mm from the inner surtece of the cylinder. 

The mixing contact itself was made at room temperature and in the O/A phase 
ratio of 1.0 so that the extraction solution was continuous in all tests and the 
aqueous solution in drops. The revolution speed of the mixer was 220 rpm and 
the duration of mixing was 3 minutes in all tests. In all tests each extraction 
solution was mixed with a new batch of the aqueous solution. After mixing the 
solutions were made to separate by the effect of gravity. 15 minutes after 
mixing the amount of residue solution in each of the separated solutions was 
determined. The drop residues (entrainment levels) are shown in Table 1, 
where A/O means water in the extraction solution and O/A means organic 
phase drops in tlie aqueous solution. 



Table 1 



T«st 


Extr.sol. 








Vis CO 8. 


Cufoxtr.sol. 


Residual drops 




Extractant 




03. agent 








A/O 


O/A 






ti.-% 






cP 


9/1 




ppm 


1 


Acorga M564C 


5 


D70 


95 


Z7 


2 


500 


90 


2 


Acorga 


8,5 


D70 


91,5 


3 


3,5 


450 


70 


3 


Acorga M564C 


15 


D70 


85 


3,3 


6,2 


150 


40 


4 


Aoorga h/E64C 


25 


D70 


75 


4,2 


7,4 


100 


25 


5 


Acorga M564C 


30 


D70 


70 


4,9 


13,7 


150 


25 


6 


LDC984N 


AO 


070 


60 


6,1 


19,8 


50 


15 


7 




50 


070 


50 


8,2 


20,1 


50 


12 



The tests show that raising viscosity by increasing the extractant (extraction 
reagent) content clearly decreases the amount of residual drops in the settled 
solutions. 
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An aqueous solution was prepared with a copper content of 1.5 g/l, sulphate 
content of 50 g/l and pH of 1.8. Three different extraction solutions were also 
prepared: 

1. AcorgaM5640 5.0voI.-% 
D70 95 vol.-% 

2. Acorga M5640 15.0 vol.-% 
D70 85 vol.-% 

3. Acorga M5640 25.0 vol.>% 
D70 75 vol.-% 



The first solution represents an extraction solution according to the prior art 

Extraction equilibrium curves EEQ and stripping equilibrium curves SEQ 
shovwi in Figs 2, 3 and 4 were defined for flie extracticni solutions and 
aqueous solutions in question with the method used by experts in this field. 
Diagram 2 shows the prior art, diagrams 3 and 4 the method according to this 
invention. Next, making use of the equilibrium data in question, an extraction 
calculation vras made for a copper extraction process with two extraction 
stages functioning on the counterflow principle and two stripping stages. The 
calculation was made on the basis of the McCabe-Thiele method, familiar to 
specialists in the field. The extraction and stripping stages reach as far as the 
equilibrium curve, because the stage efficiency is very high when using for 
instance ttie equipment described in WO patent publications. 

The three stage calculations presented in the example show that the copper 
extraction yield remains at a good level and almost unchanged, even though 
the e)demal pumping of ttie extraction solution is reduced. The copper 
contents of the raffinate are in alt cases 0.2 - 0.4 g/l. The lowest content is 
obtained by raising the extractant content to 15%. whereby the external 
pumping of the exfraction solution can be reduced to 35% of the PLS 
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(pregnant leach solution) feed i.e. copper*containing aqueous solution feed. 
It is apparent from tiie stage calcuiation in question that the extraction 
equilibrium remains good in extraction conditions (the EEQ curve rising 
steeply when the Cu content of the aqueous solution is under 0.5 g/l) over its 
5 extraction solution copper content level, set for the extraction solution after 
ttie second stripping steige S2 (dotted line BO, e.g. 3.0 g/l in Figure 3). 

Another essential factor is that the stripping equilibrium allows the making of 
strong copper electrolyte when the copper content of the extraction solution 

10 can be lowered sufficiently.This means the level where the extraction 
equilibrium is still rising sharply in an aqueous solution Cu content of under 
0.5 gn, as stated eariier. The stage calculation reveals that with the method 
according to the present invention, a significant improvement is achieved in 
the copper content of the ^ectrolyte going to copper electrolysis. With two 

15 stripping stages the electrolyte was made almost saturated as regards 
copper sulphate. 

In different stage calculations the copper electrolyte developed as follows: in 
a normal copper process (extractant content 5 vol.%) the copper content of 

20 the "poof electrolyte (LEL = lean electrolyte) coming to the washing stage is 
to be kept as low as 34 g/l and in the "rich" electrolyte (REL - rich 
electrolyte) the content may rise to the value of 42.5 g/l. In the present 
method the corresponding values are 36 g/l and 50 g/l when using an 
extractant content of 15 vol. % and 36 g/l and 51.5 g/l when using an 

25 extractant content of 25 vol. %. 

In the method according to the present invention a smaller amount than 
usual of extraction solution is circulated in relation to the PLS solution. 
Likewise the electrolyte circulation is correspondingly much smaller. In order 
30 to describe the information included In the stage calculations the circulation 
of the solutions can be checked for instance on the basis of diagram 3. The 
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Stage calculation is in two parts: extraction on the left and stripping on the 
right The solution compositions of the different stages can be seen at the 
intersection points of the stages and the equilibrium curves. For example, in 
extraction stage E1 the Cu content of the aqueous solution decreases from 
5 the PLS content of 1,5 g/l to 0.6 g/l and the Cu content of the extraction 
solution rises from the E2 content of 4.2 g/l to 6.7 g/l. In stripping stage S1 
the extracHon solution on the other hand falls from an LO (loaded organic) 
value of 6.7 g/l to 4.2 as the Cu content of the copper electrolyte rises from 
40.4 g/l to 50«0 g/l. The Cu content of the extraction solution falls further to a 
10 BO (barren organic) value of 3.0 in stripping stage S2, from where the 
extraction solution moves on to extraction stage E2 of the extraction. 

The important points in said stage calculations are the so-calted operating 
lines which indicate the contents in which the solutions touch each other 

15 when entering or leaving the first extraction and stripping stages El and S1 
and the final extraction and stripping stages E2 and S2 and in between said 
stages. From the nature of the stage calculations it follows that the gradient 
of the operating lines Indicate the external solution pumping i.e. the ratio of 
PLS and extraction solution flows in extraction as well as the ratio of 

20 electrolyte and extraction solution flows in stripping, it has been possible to 
calculate from the external pumping ratios how much the electrolyte 
circulation is reduced with our method in relation to the amount of PLS flow. 

Certain figures characteristic of our invention have been assembled in Table 
25 2, when the extractant contents of the extraction solution are 15 and 25 
vol.% and these figures are compared with figures for conventional copper 
extraction, where the extractant content is 5 vol. %. The copper content of 
the aqueous solution (PLS) is 1.5 g/i in all cases. The extractant is Acoiga 
M5640 and the diluting agent keroser^e D70. The temperature of the 
30 exti-actlon solution is 18 "^C. 
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Table 2 



auan«ty 


Kuva Z 


Kuva 3 


Kuvs4 


Extractarrt content vol-% 


5 


15 


25 


Viscosity of extraction sohitioni, cP 


2.7 


3,3 


4,2 


Cu content of raffinate, g/l 


0,3 


0,2 


0,4 


Rise in Cu content of extraction soiutofi, g/l 


1 


3,7 


4,9 


Rise in Cu content of electrolyte, g/l 


d,5 


14 




Rich electiolytB content on 


42,5 


50 


51,5 


Ext. solution pumping latio in extraction O/A 


> 1.2 


0,35 


0,24 


Ext. solution pumrnng ration in stripping O/A 


d,5 


3,8 


3,2 


Flow ratio of electrolyte and PLS 


0,14 


0,09 


0,0S 



From this table the advantages given by our invention are apparent in 
addition to the raised viscosity of the extraction solution and the fact that the 
solutions can be separated cleanly, it has been possible to reduce essentially 
the size of the equipment for handling the extraction solution in the extraction 
process, such as washing and stripping equipments, as well as other 
extraction solution equipment for tiie external circulation of the extraction 
solution, such as storage tanks and post-separators for separating the residue 
solutions. Likewise the size of the equipment for handling the electrolyte is 
reduced, such as flotation and pressure filtration apparatus, any possible 
post-separators and storage tanks. Another important factor is that the copper 
content can be raised, ensLoing the quality of the copper. 

Example 3 

In this example tiie performance values according to ttie prior art are shown in 
diagram 5 and the values of the method according to the present invention in 
diagrams 6 arKi 7, based on the (xesmted stage calculations. These again 
show that the method helps reduce the size of the equipment considerably. 
The copper content of the aqueous solution is 3 g/l, i.e. still a dilute solution. 
The extractant content of an ordinary solution, given first in the table, is 8.5 
vol.% and tiie following 15 aid 25 vol.% according to tiiis invention, as in tiie 
previous ^cample. The extractant and diluting agent used are the same as in 
example 2. The temperature of tiie extraction solution is 18 °C. 
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Tables 



puanlity 


Kuva 5 


Kuva 6 


Kuva 7 


Extractant content, vol-% 


8.5 


15 


25 


Viscosity of extraction solution, cP 


3 


3,3 


4,2 


Cu content of raflinate, g/l 


0,3 


0,2S 


0,35 


Rise in Cu content of extraction solution, g/l 




4,5 


6,3 


Rise in Cu content of etectrolyte, 


9.5 


14 


1^,5 


Rich electroiyte content; g/i 


45,5 


50 


S1,5 


Ext. solution pumping ratio in extraction OIP 


1,13 


0,61 


0.42 


Ext solution pumping ration in stripping Olfi 


3,d6 


3,11 


2,46 


Fiowratio of electrolyte and PLS 


a2d 


0,2 


0.17 



5 Example 4 

In this example, an aqueous solution was used with a Cu content of 6.5 g/l, in 
other words richer than is usually achieved with direct leaching of any poor 
ore. However, even when treating this kind of solution our method has distinct 
advantages. In the next table the stage calculations of diagrams 8, 9 and 10 
10 were used. The contents of the extraction solution are 22, 30 and 40 vol.%, 
the extractant Acorga M6540 and the diluting agent again kerosene D70. The 
temperature of the extraction solution was 1 8 ''C. 

Table 4 



Quantity 


Fig. 8 


Fig.d 


Fig. 10 


Extiactant content vol-% 


22 


30 


40 


Viscosity of extraction solution, cP 


3,7 


4,9 


63 


Cu content of ralinate, g/i 


0,2 


0,3 


0,4 


Rise in Cu content of extraction solution, g/i 


5,9 


9,2 


14,5 


Rise in Cu content of electrolyte, g/l 


16 


16 


16 


Rich electrolyte content g/l 


52 


52 


52 


Ext. solution pumping ratio in extraction O// 


1,07 


0,67 


0,42 


Ext solution pumping ration in stripi»ng Olfi 


2,71 


1.74 


1.1 


Fiowratio of etecfiioiyte and PLS 


o,4 


0,39 


0,36 
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Example 5 

This example studied the possibility of reducing the external pumping of the 
extraction solution considerably by raising its extractant content to a 
20 significantly high level. When the pH of tiie base solution is close to 2 and the 
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same aqueous solution contains suipiiates, the extraction equilibrium is very 
beneficial when the copper content of the aqueous solution Is low. In the case 
of the example the Cu content of the aqueous solution is 2.5 g/l, the pH is 1.8 
and the amount of sulphates 50 g/l. According to this example the method of 
5 the present invention increases the copper extraction yield. As shown by the 
stage calculation in Fig.11, a v^ low rafRnate content of 0.15 g/l copper is 
obtained while the external pumping of the extraction solution ratio drops to as 
low as 0.15. The external pumping of the electrolyte In ratio to the external 
pumping of the PLS also settles at the same value of 0. 1 5. In this example the 
10 extractant used was the commerdal chemical LIX 984N, which is similar to the 
reagent used In the previous example, and again kerc^ene D70 was the 
diluting agent. The extractant content was 50 vol.%. 
Tables 



Quanlily 


Pig. 11 






Viscosity of extraction solution, cP 


S 


Cu content of raHnate, g/i 




Rise in Cu content of extraction solution, g/l 


1S,7 


Rise in Cu content of electrolyte, g/l 


16 


Rich electrolyte content g/l 


52 


[Ext. solution pumping ratio in extraction O// 


0,15 


Ext. solution pumping ration in stripping 0/A 


1,02 


Flow ratio of electrolyte and PLS 


0,15 
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Example 6 

The example shows how high the copper content of the PLS can be raised 
using our invention. In this example the Cu content of the PLS was raised up 
to 32 g/l while the extractant content of the extraction solution was raised to 50 

20 vol.%, with Acorga M5640 as reagent and kerosene D70 as diluting agent. 
Mixing mXh the double helix mixer mentioned at>ove is successful, even 
though SHI extractant content of as much as 40 - 70 voi.% is used. It is 
advantageous to do this when it is desired to reduce external pumping of the 
extraction solution. The stage calculation concerning 50 vol.% in Fig. 12 and 

25 the summary in Table 6 clarify these possibilities further. 
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Tables 



Quantity 


iPig. 12 






Viscosity of extraction solution, cP 


8,2 


Cu content of raffinate, g/l 


5 


Rise in Cu content of extraction solution, g/l 


13 


Rise in Cu content of electrolyte, g/l 


16,5 


Rich electrolytB content g/l 


50,5 


Ext. solution pumping latio in extraction O// 


2,07 


Ext solution pumping ration in strippoig 


1,27 


Plow ratio of electrolytB and PLS 


1,63 
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PATENT CLAIMS 

1. A method for extraction of copper from an aqueous solution containing a 
large amount of sulphates in liquid-liquid extraction, characterized in that 
5 the viscosity of an extraction solution is adjusted within the range of 3 -1 1 
cP and tiiat the volumetric ratio of the extraction solution and an aqueous 
solution in an extraction mixture to between 0.7 - 1.0, whereby the 
aqueous solution is dispersed into drops in the extraction solution. 

10 2. A method according to claim 1, ciiaracterized in that the viscosity of the 
extraction solution is raised by raising the content of an extractant 

3. A method according to daim 2, ciiaracterized in that the viscosity of ttie 
extraction solution is raised by regulating the extractant content of the 

IS extraction solution in the range of 1 5 - 70 vol. %. 

4. A method according to claim 1, characterized in that the ratio (O/A) 
between the organic solution and the aqueous solution coming to flie 
extraction stage from outside is regulated in the range of 0. 1 5 - 1 . 

20 

5. A method according to claim 3, ctuuraeterized in that in treating an 
aqueous solutions with a copper content of maximum 2 g/i, the viscosity of 
the extraction solution is raised by adjusting the content of the extractant in 
the extraction solution to the range of 15 - 25 vol.%. 

25 

6. A method according to claim 5, characterized In that the external pumping 
ratio of the extraction solution and the aqueous solution is adjusted to the 
range of 0.2 - 0.5 and the corresponding external pumping ratio between a 
stripped copper electrolyte and the aqueous solution of the extraction is 

30 adjusted to the range of 0.08 - 0.02. 
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7. A method according to claim 3, characterized in that in treating an 
aqueous solution with a copper content of 2 - 4 g/i, the viscosity of the 
extraction solution is raised by adjusting the content of the extractant in the 
extraction solution to the range of 1 5 - 30 vol.%. 

5 

8. A method according to claim 7, characterized in tiiat the external pumping 
ratio of the extraction solution and the aqueous solution is adjusted to the 
range of 0.3 - 0.7 and the corresponding external pumping ratio between 
the stripped copper electrolyte and the aqueous solution of the extraction 

10 is adjusted to the range of 0. 1 5 - 0.25. 

9. A method according to daim 3, characterized in that in treating an 
aqueous solution with a copper content of 4 - 8 g/l, the viscosity of the 
extraction solution is raised by adjusting the content of the extractant in the 

IS extraction solution to the range of 25 - 50 voL%. 

10. A method according to claim 9, characterized in that the external pumping 
ratio of the extraction solution and the aqueous solution is adjusted to the 
range of 0.4 » 0.8 and the corresponding external pumping ratio between 

20 the stripped copper electrolyte and the aqueous solution of the extraction 
is adjusted to the range of 0.25 - 0.50. 

11. A method according to claim 3, characterized in that in treating an 
aqueous solution with a copper content of over 8 g/l, the viscosity of the 

25 extraction solution is raised by adjusting the content of the extractant in the 
extraction solution to ttie range of 40 - 70 vol.%. 

12. A method according to claim 11, characterized in that the external 
pumping ratio of the extraction solution and the aqueous solution is 

30 adjusted within the range of 1 - 4 and the corresponding external pumping 
ratio between the stripped copper electrolyte and the aqueous solution of 
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the extraction is adjusted within the range of 0.8 - 3. 

13. A method according to claim 1, characterized in that the viscosity of the 
extraction solution is raised by using alifatic hydrocarbons, kerosenes, with 
a viscosity of 2.7 - 3.2 cP when measured at ambient temperature, as 
diluting agent for the e)rtraction solution. 

14. A method according to claim 1, ciiaracterlzeci in that the viscosity of the 
extraction solution is raised by using aromatic hydrocarbons, kerosenes, 
with a viscosity of about 3 cP when measured at ambient temperature, as 
diluting agent for the extraction solution. 

15. A method according to any of the above claim, characterized in that the 
viscosity of the extraction solution is raised by using a mixture of alifatic 
and aromatic hydrocarbons, with a viscosity of minimum 2.7 cP when 
measured at ambient temperature, as diluting agent for ttie extraction 
solution. 

16. A method according to claim 1, characterized in that the sulphate content 
of the aqueous solution fed to solvent extraction is minimum 40g/l. 

17. A method according to any of the above claim, characterized in that the 
extracting solutions flow through each stage of the extraction equipment at 
essentially the same time. 

18. A method according to any of the above claim, characterized in that the 
extracting solutions flow through the washing and stripping stages of the 
equipment more slowly than the actual extracting stages. 
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ABSTRACT 

The invention relates to a method for extracting copper in liquid-liquid solvent 
extraction from aqueous solutions with a high sulphate content, by raising the 
5 viscosity of the extraction solution and by dispersing the aqueous solution into 
drops, achieving a dense drop aggregation. The viscosity of the extraction 
solution may be raised either by increasing the content of the actual 
extractant, the extraction reagent, in the extraction solution or by using a 
diluting agent with a higher viscosity than that of the diluting agent normally 

10 used. By raising the viscosity of the extraction solution the mixing durability of 
the extraction dispersion can be increased and resulting of that the amount of 
residual drops is decreased. Other advantages are that the extraction solution 
flow of the extraction process decreases in relation to the flow of the aqueous 
solution acting as the copper source andrthat the size of the extraction 

IS equipment needed is reduced. , 
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Title 37- Code of Federal Regulation, ^ L56 
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associated with the filing and prosecution of a patent application has a duty of candor and good faith in 
dealing with the Office, which includes a duty to disclose to die Office all informaticm known to that 
individual to be material to patentability as defined in this section. Hie duty to disclose information exists 
with respect to each pending claim until the claim is canceled or withdrawn from consideration, or die 
application becomes abandoned. Information material to die patentability of a claim that is canceled or 
withdrawn from consideration need not be submitted if the information is not material to die patentability 
of any claim remaining under consideration in the appHcation. Hiece is no duty to submit information 
which is not material to the patentability of any existing claim. The duty to disclose all infoimation known 
to be material to patentability is deemed to be satisfied if all information known to be material to 
patentability of any claim issued ia patent was cited by the Office or submitted to the Office in the manner 
prescribed by §§1.97(bH<l) and 1.98. However, no patent will be granted on an plication in connection 
with which fraud on the Office was practiced or attempted or the duty of disclosure was violated through 
bad faith or intentional misconduct The Office encourages applicants to carefully ^camine: 



prior art cited in search rqjorts of a fordgn patent office in a counteq>art application, and 

the closest information over which individuals associated with die filing or prosecution of 
a patent application believe any pending claim patentably defrnes, to make sure diat any 
material informafian contained therein is disclosed to die Office. 



Titli^^S IT S. Code 8 101 
Inventions patentable 

Whoever invents or discovers any new and useful process, machine, manufacture, or con^)osition of 
matter, or any new and usefrd inq^rovement thereof, may obtain a patent therefor, subject to the conditions and 
requiremoits of this title. 



Tit1i.^<iTTR. Codes 102 

Conditions for patentability; novelty and loss of right to patent 
A person shall be entided to a patent unless — 

(a) the invention was known or used by others in this country, or patented or described in a printed 
publication in this or a foreign country, before the invention thereof by the applicant for patent, 

(b) the invention was patented or described in a printed publication in this or foreign country or in 
public use or on sale in this country, more dian one year prior to die date of {plication for pat^t in the United 
States, or 
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(c) he has abandoned the invention, or 



(d) die invention was first patented or caused to be patented, or ivas the subject of an inventor's 
certificate, by the applicant or his legal representatives or assigns in a foreign country prior to the date of die 
application for patent in this country on an application for patent or inventor's certificate field more flian twelve 
months before the filing of tiie application in Ihe United States, or 

(e) the invention was described in a patent granted on an application for patent by another filed in the 
United States before the invention thereof by ihe applicant for patent, or on an international application by anotilier 
who has fulfilled Ike requirements of paragraphs (1), (2), and (4) of section 371(c) of fliis title before the invention 
thereof by the applicant for patent, or 

(f) he did not himself invent flie subject matter sougjit to be patented, or 

(g) before the applicant's invention thereof the invention was made in this country by another had not 
abandoned, suppressed, or concealed it In determining priority of invention fliere shall be considered not only the 
respective dates of conception and reduction to practice of die invention, but also the reasonable diligence of one 
who was first to conceive and last to reduce to practice, &am a time pricn: to conception by the other . . . 

Conditions for patentabiUty; non-obvious subject matter 

A patent may not be obtained though the invention is not identically disclosed or described as set forth in 
section 102 of this title, if the differences between the subject matter sought to be patented and the prior art are such 
that the subject matter as a whole would have been obvious at the time the invention was made to a person having 
ordinary skill in the art to which said matter pertains. Patentability shall not be negatived by the manner in which 
the invention was made. 

Subject matter developed by anotiier person, which qualifies as prior art only under subsection (f) or (g) of 
section 102 of this title, shall not preclude patentabiUty under tills section where Ihe subject matter and the clahned 
invention were» at the time the invention was made, owned by the same person or subject to an obligation of 
assigmnent to die same person. 

Title 35. U,S. Code S 1 12 fin nart^ 
Specification 

The specification shall contain a written description of die invention, and of the manner and process of 
making and using it, in such full, clear, concise and exact terms also enable any person skilled in the art to which it 
pertains, or with which it is mostly nearly connected, to make and use the same, and shall set fordi the best mode 
conl]eixq>lated by the inventor of carrying out his invention. 

Title 35, U.S.Cpde§ 119 

Benefit of earlier filing date in foreign country; right of priority 

An application for patent for an invention filed in this country by any person who has, or whose legal 
representatives or assigns have, previously regularly filed an application for a patent for the same invention in a 
foreign country which affords similar privileges in the case of applications filed ia the United States or to citizens of 
the United States, shall have die same effect as die same application would have if filed in this country on die date 
on which the Education for patent for the same invention was first filed m such foreign country, if the application in 
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this country is filed within twelve months from the earliest date on which such foreign application was filed; but no 
patent shall be granted on any application for patent for an invention which had been patented or described in a 
printed publication in any country more than one year before the date of he actual filing of the application in this 
country, or which had been in public use or on sale in this country more than one year prior to such filing. 

Title35,U.SrCQ4g§U0 

Benefit or earlier filing date in tiie United States 

An application for patent for an invention disclosed in the manner provided by flie first paragraph of section 
1 12 of this title in an application previously filed in the United States, or as provided by section 363 of this titie, 
which is filed by an inventor or inventors named in the previously filed application shall have the same effect, as to 
such invention, as though filed on the date of die prior appKcation, if filed before the patenting or abandonment of or 
termination of proceedings on the first application or an sqjplication similarly entitled to the benefit of the filing date 
of the first application and if it contains or is amended to contain a specific reference to the earlier filed application. 

Please read carefully before signing the Declaration attached to the accompanying Application. 

If you have any questions, please contact Morgan & Fionegan, L.L.P. 
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PATENT 
Docket No. 



ADDED PAGE TO COMBINED DECLARATION 
AND POWER OF ATTORNEY FOR 
STONATTTRE B Y THIRD AND SUBSEQUENT INVENTOR 



djomtmveirtor,ifany rrn=±Z__ 
Liisankatu^ig A ^ 



Full name of third joint invenjfcor, if anj 
Liventor's signature* 
Residence 



26 Qciiober 2 0 01 



date 



Citizenship . 



Finnish 



Post Office Address FIN-28inn Po-r-i. V-inlanH 





Full name of fourth joint inventor, if any LINDELL, Es^ 

* y 

Inventor's signature ^ 
Residence Onnelantie 8 as>3 



2$ QgtObgr 2Q01. 



date 



Citizenship Finnish 



Post Office Address FIN-2837Q Fori, Finland 



fern/ 



Full name of fifth joint inventor, if any 
Biventor's signature* 



EKMAN, Eero 



26 October 2001 



Residmce Italin jakh^hii 



7 A 



date 



Citizenship Finnish 



Post Office Address 



FIN-281QQ Fori 



1, Finland 



X) Attached an added page 

* Before signing lliis declaration, each person signing must 

1 . Review the declaration and verify the correctness of all information therein; and 

2. Review die specification and the claims, including any amendments made to ^e claims. 
After the declaration is signed, fhe specification and claims are not to be altered 
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Docket No. 



ADDED PAGE TO COMBINED DECLARATION 
AND POWER OF ATTORNEY FOR 
STfflsIATTTRR BY TEDRD AND SUBSEOUENT INVENTOR 

j.&Mt^^ * • *^ if^r LYYRA. Juhani 
FuH name of «M joint myraitor, any — 




* XCJ^^'W^^ 26 October 2001 
Invraitor's signature ^'^jC^ 

Residence Kalastaj ankuja 1 E 

rw^^^\»P Finnish ^ 

Post Office Address T?TM-n:?2:^n Espoo. Finland 



Full name of M^jouS inventor, if any KU USIST O . Raimo 



r^^^..;^..^' <(i^-^-^ fC:^.^J.^ 26 October 2001 



Residence Kalastaiankiiia 1 D 



date 



Citizenship Finnish 

Post Office Address FIN-02230 Espoo , Finland 

b?^,^t inventor if anv PEKKALA ; . Per tti 



Full name of S»f jomt inventor, if any 

Inventor's signature- ^^^^^^^cJU^ 26 October 2001 



date 



Residence Vehalrsentie 45 B 



Citizenship t?t g>> 



Post Office Address FIN-Q23Q0 E^poo. Finland 



* Before signing diis declaration, each person signing must: 

1 . Review the declaration and verify the correctness of all information therein; and 

2. Review the specification and the claims, including any amendments made to the claims. 
After the declaration is signed, die specification and claims are not to be altered. 

FORM: ADDED-PG.DEC 
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